METHODS
A systematic literature review was conducted to search for published literature regarding population-based NTD burden estimates in LMIC, through the use of electronic databases: Medline, Embase, Global Health Library and PubMed. Potential further data were searched for on Google Scholar and by crosschecking reference lists from review articles. The search used Medical Subject Headings (MeSH) and key words for the burden of NTD in LMIC, as outlined by the World Bank. Limits of "human" and "2000-current" were used to obtain the most up to date NTD burden information. The last searches of the four databases were conducted on 6 February 2013. Search terms for Medline are shown in Table 1 and were modified for other databases as required.
tion of mortality has led to the neglected causes of child mortality to be exposed, including that of congenital abnormalities [3] [4] [5] [6] .
NTD are one of the most common presenting birth defects, arising as a result of incomplete closure of the brain or spinal cord in the 3 rd and/or 4 th week of pregnancy [3] . NTD can be classified as open or closed, depending on whether neural tissues are exposed or covered by skin, respectively. Open NTD are more frequent and include spina bifida, anencephaly and encephalocele. Closed NTD, such as tethered cord syndrome, are less frequent in comparison [4] .
The best known risk factor for foetal NTD is maternal folate deficiency, arising from low levels of vitamin B9 (folic acid) [7, 8] . Maternal vitamin B12 deficiency has only recently been shown to independently contribute to risk of NTD [9, 10] . Additional risk factors for NTD development include a positive family history, smoking and indoor air pollution from coal and biomass heating used predominantly in developing countries [11] [12] [13] [14] [15] . Moreover, NTD are related to maternal socio-economic status, education, area of residence, and maternal nutrient deficiency or obesity [16, 17] .
NTD can be identified through simple prenatal testing using ultrasound imaging or maternal serum alpha-fetoprotein (MSAFP) level screening [18] . Abnormal elevation of MSAFP is a relatively specific and sensitive test for detection of NTD [18] . The abnormal presence of acetylcholinesterases (AChE) in amniotic fluid determined through amniocentesis can also be used for screening of NTD. However, a higher-than-normal test result is often not diagnostic and further evaluation should always be undertaken [19, 20] .
Since the discovery of folic acid as an effective intervention for prevention of neural tube defects [21] , many countries have recommended folic acid intake before conception and during pregnancy. However, the dramatic 20% decrease in NTD birth burden after mandatory folic acid fortification (FAF) of enriched products in the US in 1998 showed that there may be more practical ways to administer this intervention [22] . Since this example, many countries such as Chile, Saudi Arabia and South Africa have implemented similar measures to staple food [23] [24] [25] . Despite folic acid being a well-known, cost-effective intervention, many developing countries continue to have either ineffective or no policy to increase maternal uptake of folic acid to prevent NTD.
The aims and objectives of this systematic review were:
1. To provide an estimate of NTD burden in LMIC by systematically reviewing literature available in public domain;
2. To examine and discuss the significance of these findings and consider clinical and cost-effective interventions and health policies with regards to NTD. 
Study selection
The inclusion criteria for relevant papers included population or hospital based studies conducted in LMIC, which were geographically defined taking into account both the World Health Organization's and the World Bank's classification and treating any discrepancies in an inclusive, rather than exclusive way. The studies needed to have clearly expressed NTD burden showing a denominator, published between 2000 and 2013. The searches were limited to the period after the year 2000 in order to generate an estimate that is reflective of reasonably recent NTD trends. No limit on language and publication type was set. Keeping in mind that many babies with NTD are stillborn or terminated through miscarriages and abortions, we decided to include studies with live births, stillbirths and terminations as a separate body of evidence, in addition to studies that used live births-based denominators to report the burden of NTD.
Studies conducted solely in specialist hospital units were excluded, as they are likely to report a burden enriched for severe cases that would not be representative of the general population. Studies with incomplete data or where NTD burden could not be calculated were also excluded.
Data extraction
For the 37 retained studies, relevant data were extracted and compiled into Microsoft Excel spreadsheets. Data including authors, country, study size and diagnostic criteria for specific NTD type and total NTD cases were extracted. Types of NTD included spina bifida, myelomeningocele, meningocele, anencephaly, encephalocele and "other NTD types". Burden was expressed using the number of cases observed and a total sample of live births (or, alternatively, a total sample of live births, stillbirths and terminations).
Data analysis
When the number of affected children was not specifically provided in the study, it was calculated with the sample population using the following equation:
Estimated NTD burden = Number of observed NTD cases/ Sample size (eg, number of live births) × 1000
The estimates of the burden provided in the retained studies were separated into two categories: those in which the denominator was based on the number of live births, and the other group in which live births, stillbirths and terminations were all included. Wherever this information was available for both categories, figures were separately added to the respective groups. The median estimate of the NTD burden and the inter-quartile range (IQR) for all LMIC regions was then determined, based on the retained 37 studies. Eventually, the median was multiplied by the number of livebirths in LMIC in the year 2010, according to UN Population Division's estimates (www.un.org/esa/population/), to determine the absolute number of NTD cases that has been introduced to the LMIC in 2010.
RESULTS
A review of relevant databases performed independently by two researchers (AL and SS) identified a total of 3339 studies, but only 37 satisfied all criteria for inclusion (as shown in Figure 1) . Of the retained studies, 20 reported NTD rates in live births only, 14 reported rates in live births, stillbirths and terminations combined, and 3 studies reported both.
The median sample size from all reviewed papers was 36 331, which corresponded well to a typical study size. The median sample population in studies based on live births was 35 974, compared to 49 534 in studies based on live births, stillbirths and terminations.
The search retrieved NTD burden from 18 countries in 6 WHO regions ( Table 2 ). The overall burden calculated using the median from studies based on live births was 1.67/1000 (IQR = 0.98-3.49) for total NTD burden (Table 3 and 4), 1.13/1000 (IQR = 0.75-1.73) for spina bifida (Table 3 and 5), 0.25/1000 (IQR = 0.08-1.07) for anencephaly (Table 3 and 6) and 0.15/1000 (IQR = 0.08-0.23) for encephalocele (Table 3 and 7) .Corresponding estimates based on all pregnancies resulting in live births, still births and terminations were 2.55/1000 (IQR = 1.56-3.91) for total NTD burden (Table 3 and [43] 180 000 114 0.63 Yuskiv et al. [33] 75 609 38 0.50
As expected, when comparing IQRs as the robust predictions, overall NTD burden estimates were found to be higher in the live births, stillbirths and terminations group in comparison to studies that included only live births, while spina bifida was the most commonly reported NTD type. Moreover, there is internal consistency in the presented estimates, because the sum of the specific NTD types always fits into the "envelope" of all NTDs.
DISCUSSION
This systematic literature review aimed to examine the burden of NTD in LMIC. It is, to our knowledge, the first study to quantitatively estimate the total NTD burden in LMIC. As such, the burden estimates can be successfully used in the much-needed preventive policy development in LMIC with high risk of NTD.
The results from the 37 selected studies [10] [11] [12] [13] suggest that NTD burden is approximately twice as high, if not higher, in LMIC than in high-income countries [56] [57] [58] . The findings from live birth-only studies showed that the median total NTD burden is 1.67 per 1000 live births, although there were reports of significantly higher values, with a maximum burden as high as 12.41/1000. The overall median is greater in studies where live births, stillbirths and terminations were taken into account, where the burden is 2.55 per 1000 and maximum reported burden of 19.94/1000. This is expected, as a considerable proportion of NTD result in stillbirths and terminations [59, 60] .
Significant discrepancies between reported burdens from the same country were sometimes observed. These differences were attributed to different study settings, for example in rural and urban India [31, 35, 45] , or different time periods as seen in two studies from Jordan [11, 26] . Extremely high burden of NTD of 13.79 and 19.94 was observed in two studies from China, although the samples were rather small, indicating a possible selection bias [10, 13] .
Regardless of the progress in control of NTDs observed in high-income countries, NTD continue to be a problem of significant public health impact in LMIC. NTD have detrimental physical and emotional effects on the affected children and their caregivers, and may present a life-long important and often insurmountable economic problem, especially to poor families [52] . The cost of raising a child with spina bifida from birth to 18 years of age in Chile was estimated to be around US$ 120 000 [34] . These expenses, apart from causing individual deprivation, are a significant economic burden on the level of the whole society, causing a vicious circle of poverty in the LMIC.
Hundreds of thousands of live born babies are affected by NTD in LMIC, which remain an important and preventable cause of morbidity and mortality. Thus, effective policies for prevention are vital to reduce the burden of NTD on individuals and on society. Up to now, more than 59 countries have committed to mandatory fortification programmes [59, 61, 62] . However, many LMIC still have ineffective recommendations and policies towards folic acid uptake. Some countries have recommended the improvement of daily diet and folic acid supplement use, but do not have a mandatory policy [59, 61, 62] . Recommendation provides a good starting point for reducing NTD burden in LMIC. However, many households in LMIC may not be able to afford folic acid supplementation throughout pregnancy [63] . As shown by the example from the US where NTD burden had fallen by 20% after mandatory fortification, recommendation alone, even without the economic constraint, is not likely to provide a feasible and effective solution [22] . Interestingly, survey conducted in the UK found that there was only a marginal increase in folic acid intake in women who were planning pregnancy [64] . Additionally, around half of all pregnancies in the US are unexpected [58, 62] , and this figure may be even higher in LMIC where there may be limited availability of contraception.
Despite obvious benefits, before promoting folic acid fortification, many factors must be considered. Currently no country in the European Union has compulsory fortification schemes due to risk consideration and campaigns [40] 141 159 147 1.04 Ricks et al. [42] 35 974 62 1.72 Safdar et al. [24] 33 489 36 1.07 Sayed et al. [25] 46 021 25 0.54 Yuskiv et al. [33] 75 609 29 0.38 [45] 36 331 4 0.11 Njamnshi et al. [38] 52 710 4 0.08 Petrova et al. [40] 141 159 151 1.07 Ricks et al. [42] 35 974 10 0.28 Safdar et al. [24] 33 489 1 0.03 Sayed et al. [25] 46 021 17 0.37 Wasant et al. [43] 180 000 45 0.25 Yuskiv et al. [33] 75 609 1 0.01 Aqrabawi [11] 5 088 2 0.39 Asindi et al. [27] 82 176 15 0.18 Behrooz et al. [29] 13 262 3 0.23 Costa et al. [44] 9 386 3 0.32 Mandiracioglu et al. [45] 36 331 1 0.03 Njamnshi et al. [38] 52 710 5 0.09 Safdar et al. [24] 33 489 5 0.15 Wasant et al. [43] 180 000 14 0.08 Yuskiv et al. [33] 75 609 3 0.03 Cortes et al. [32] 60 072 46 0.77 Cortes et al. [12] 486 779 204 0.42 Golalipour et al. [47] 37 951 62 1.63 Golalipour et al. [12] 30 639 39 1.27 Gu et al. [13] 6420 25 3.89 Li et al. [10] 11 534 67 5.81 Liu et al. [49] 99 888 59 0.59 Mahadevan et al. [45] 54 738 170 3.11 Noraihan et al. [51] 34 109 12 0.35 Onrat et al. [52] 8631 9 1.04 Yuskiv et al. [33] 75 928 64 0.84 Aguiar et al. [55] 18 807 47 2.49 Dai et al. [46] 2 281 616 1369 0.60 Nazer et al. [50] 434 624 374 0.86 Rad et al. [53] 14 121 35 2.48 Aguiar et al. [55] 18 807 24 1.28 Cortes et al. [32] 60 072 37 0.62 Cortes et al. [12] 486 779 147 0.30 Dai et al. [46] 2 281 616 1140 0.50 Golalipour et al. [47] 37 951 43 1.40 Golalipour et al. [12] 30 639 35 0.92 Golalipour et al. [48] 49 534 56 1.13 Gu et al. [13] 6420 53 8.26 Li et al. [10] 11 534 75 6.50 Liu et al. [49] 99 888 42 0.42 Mahadevan et al. [45] 54 738 98 1.80 Nazer et al. [50] 434 624 311 0.72 Noraihan et al. [51] 34 109 25 0.73 Onrat et al. [52] 8631 12 1.39 Rad et al. [53] 14 121 78 5.52 Yuskiv et al. [33] 75 928 62 0.82 against 'mass medication' [65, 66] . Safety, ethics and economic feasibility of a FAF programme must be taken into account before implementing such a policy, especially on a whole-country level. Nevertheless, current high burden of NTD in LMIC stresses the need for a comprehensive prevention program.
For consistent and reliable estimates on burden of NTD, it is important to set up vital and birth registration documentation programs in countries that lack coherent information on NTD burden. Not only will this aid in the prevention and treatment of NTD, but it will also enable policy makers to monitor the benefits of implemented prevention programs. This may be particularly important for countries in the African WHO region, where a high NTD burden is expected, but from which only a few studies have been published [67, 68] .
The reported NTD burden was estimated based on a limited number of available studies, some with very variable sample sizes that differed in inclusion of stillbirths and terminated births in the study design. We could not use metaanalysis, because studies came from such heterogeneous contexts that we didn't feel it was justified to present anything beyond simple median and IQR in this initial estimate. This is partly because not all studies adhered to ICD-10 classification of NTD and were not uniformly conducted regarding method of diagnosis and reporting of NTD type, enabling potential over-or under-estimation of NTD burden through misdiagnosis. Also, the technical restrictions of accounting for all stillbirths and terminations in the examined studies limited the precision of our estimated burden in that population [68] .
Finally, the data was available from studies conducted in only 18 countries, implying that the studied sample is unlikely to be representative of all the LMIC globally. Regardless of these significant limitations, it is our opinion that the estimated burdens reported in the results provide useful data for initial assessment of NTD burden in LMIC. An increase in high quality research on NTD, especially with regards to gender and geographical regions, should be prioritised to allow more accurate NTD estimates. This would make the burden of the problem easier to estimate in a more credible way, and allow effective planning of prevention and intervention to minimise the risks for NTD. 
